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DRY MATTER PRODUCTION AND LEAF ELEMENTAL
CONCENTRATIONS OF RAMBUTAN GROWN ON AN ACID ULTISOL
Ricardo Goenaga
USDA-ARS, Tropical Agriculture Research Station, Mayaguez, Puerto Rico
 Little is known about the adaptability of rambutan (Nephelium lappaceum) to highly acidic
soils rich in aluminum (Al). A 2-yr field study was conducted to determine the effects of various
levels of soil Al on dry matter production, plant growth, and nutrient concentration in the leaves
of four cultivars of rambutan. Cultivars and the cultivar x year interaction were not statistically
significant for most variables measured in the study. Total, leaf, petiole, stem and root dry weights
significantly increased at soil Al concentrations ranging from 0.67 cmol kg−1 to 11.0 cmol kg−1. At
this range of soil Al, the concentrations of Al and manganese (Mn) in leaf tissue declined sharply.
The results of this study demonstrate that rambutan is highly tolerant to acid soils and that tolerance
may involve an Al- and Mn- exclusion mechanism.
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INTRODUCTION
Rambutan (Nephelium lappaceum L.) is a member of the Sapindaceae
family and along with other important fruit crops such as lychee and lon-
gan is native to South East Asia (Tindall, 1994). The edible portion of the
rambutan fruit is a fleshy, translucent white sarcotesta, which arises from an
integument surrounding a single oblong seed. Currently, Thailand is the
leading producer of rambutan worldwide (Zee et al., 1998); however, In-
donesia, Malaysia, Australia and some countries in the western hemisphere
also produce this fruit commercially. As with many other tropical fruit crops
there is a scarcity of information on best management practices and opti-
mum growing conditions for rambutan. For example, little is known about
the adaptability of rambutan to highly acidic soils. The most productive soils
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of theworld are already under cultivation, and those available for agricultural
expansion are often strongly acidic, possessing toxic levels of soil aluminum.
(Kamprath, 1984; Samac and Tesfaye, 2003).
The mechanism by which soil acidity reduces the yield of many crops has
been studied extensively (Foy, 1984; Kochian et al., 2002). A high concen-
tration of soil aluminum (Al) restricts root growth and hence exploitation of
the soil/subsoil by roots for moisture and nutrients. Soil aluminum as high
as 15 cmol kg−1 can be found in tropical acid soils; in the tropical Americas,
about 50% of the soils with potential for agricultural use have been diag-
nosed with aluminum toxicity problems (National Research Council, 1993;
Villagarcia et al., 2001; Hoekenga et al., 2006).
Few studies, if any, have been conducted to screen rambutan germplasm
for acid soil tolerance under field conditions. Ongoing research conducted
by the author on the evaluation of promising rambutan germplasm for hor-
ticultural traits suggests that this crop adapts well to acid soils. The objective
of this investigation was to determine the critical soil Al concentrations that
affect growth of rambutan germplasm under field conditions and to identify
potential sources of tolerance to this stress.
MATERIALS AND METHODS
Field experiments were established 29 October 2002 and 26 November
2003 at the Corozal Research Station of the University of Puerto Rico. The
study was conducted on a deep, well-drained Ultisol (Aquic Tropudult) in
28- 3.65 × 3.65 m blocks arranged in a randomized complete block design.
Blocks differed in soil acidity due to differential applications of calcitic lime-
stone over a period of years prior to the experiment. Soil from each block
was sampled before planting by taking 10 borings at a depth of 0–15 cm from
each plot. The samples were air-dried and passed through a 20-mesh screen.
Soil pH in water and 0.01 M calcium chloride (CaCl2) (1:2 soil:water) were
measured with a glass electrode. Potassium chloride (KCl) extractable Al was
determined using an atomic absorption spectrophotometer, and exchange-
able cations, extracted with neutral 1M ammonium acetate (NH4OAc), were
similarly determined. Percent Al saturation of the soil was calculated on the
assumption that exchangeable calcium (Ca) + magnesium (Mg) + potas-
sium (K) + Al + hydrogen (H) was the effective cation exchange capacity of
the soil (Kamprath, 1984).
All plots were planted to open-pollinated seedlings of rambutan clones
‘Binjai’, ‘Jit Lee,’ ‘R-134’ and ‘R-162’. Seedlings were approximately two
months-old and had an average height and leaf number of 28.3 cm and 7.3
leaves, respectively when transplanted to the field. ‘Binjai’ is a cultivar from
Indonesia, ‘Jit Lee’ from Singapore, and ‘R-134’ and ‘R-162’ are cultivars
from a selection program initiated in Malaysia in the late 1970s (Tindall,
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1994). To our knowledge, these cultivars have never been field-tested under
a wide range of soil Al concentrations which, in this study, ranged from 0.67
to 17 cmol kg−1. The pHH2O and pHCaCl2 in these plots ranged from 3.54
to 4.90 and 2.72 to 4.21, respectively. A 3 m row (10 plants row−1) of each
cultivar was planted in each block. Rows were 61 cm apart with plants 30.5
cm apart within the row. Plants in each row were side-dressed with a 10–2.2 -
12.5–1.8 [nitrogen (N)- phosphorus (P)-K-Mg] commercial mixture applied
at a rate of 670 kg ha−1 two weeks after planting.
Trees were harvested for biomass accumulation on September 30, 2003
in experiment 1, and October 18, 2004 in experiment 2, about 11 months
after field transplanting. At each harvest, soil was loosened with a garden fork
and eight plants from each cultivar in each row pulled from the soil, washed
and separated into leaves, petioles, stem and roots. Plant parts from each
variety were dried at 70◦C to constant weight for dry matter determination.
The dry samples were ground to pass a 1.0-mesh screen and analyzed for N,
P, K, Ca, Mg, iron (Fe), Al, and manganese (Mn). Nitrogen was determined
by the micro-Kjeldahl procedure (IBSNAT, 1987), P by the molybdovanado-
phosphoric acid method (IBSNAT, 1987), and K, Ca, Mg, Fe, Al, and Mn by
atomic absorption spectrometry (Perkin-Elmer, 1994). Analyses of variance
and regression analyses were determined using the GLM procedure of the
SAS program package (SAS Institute, Cary, NC, USA). Only coefficients at
P ≤ 0.05 were retained in the models.
RESULTS AND DISCUSSION
Differences among soil Al treatments were highly significant (P< 0.01)
for total, leaf, stem, petiole, and root dry weight at the end of the experi-
mental period (analysis of variance not shown). Cultivars and the cultivar x
year interaction were not significant. Therefore, results were averaged over
cultivars and years.
Increasing soil Al concentration from about 0.67 cmol kg−1 to 11.0
cmol kg−1 resulted in an increase in total dry weight by more than 145%
(Figure 1A) with leaf, petiole, stem and root dry weights increasing 160%,
179%, 149% and 122%, respectively (Figures 1B–E). Soil Al concentrations
higher than 11.0 cmol kg−1 resulted in a significant reduction of dry weight
in all plant parts (Figures 1B–E). At soil Al concentrations of 0.67 and 11.0
cmol kg−1, leaf, petiole, stem, and root dry weights accounted for 34–36%,
7–8%, 30–31%, and 28–25%, respectively, of the total dry weight. As with dry
matter accumulation, stem diameter and plant height significantly increased
until soil Al reached a concentration of about 11 cmol kg−1 and then de-
clined (Figures 2A and 2B). The increase in plant dry weight, plant height
and stem diameter with increasing levels of soil Al up to 11 cmol kg−1 of soil
Al indicates that rambutan is highly tolerant to high soil Al. These results
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FIGURE 1 Dry weight of plant organs of rambutan as influenced by soil aluminum.
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FIGURE 2 Stem diameter (A) and plant height (B) of rambutan as influenced by soil aluminum.
differ greatly from similar studies conducted with other crops at the same
site. Goenaga and Smith (2002) found that increasing soil Al concentration
from0.68 cmol kg−1 to just 2.5 cmol kg−1 reduced total dry weight of five com-
mon bean (Phaseolus vulgaris L.) genotypes between 25% and 31%. Working
with pigeon peas (Cajanus cajan), a crop reputed to be drought tolerant,
Abrun˜a et al. (1984) found that increasing the soil Al saturation from 0% to
51% resulted in a yield reduction of 46%. In contrast, growth of rambutan
in our study was unaffected until the soil reached an Al concentration of
11.0 cmol kg−1 which represented about 66% soil Al saturation (Figures 1
and 3). Growth of various crops such as corn, wheat, soybean, sweet potato,
and Brachiaria on acid soils with Al saturation greater than 60% was less
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FIGURE 3 Relationship between soil aluminum and aluminum saturation in an Ultisol in Corozal,
Puerto Rico.
than half of the growth observed when the soil was limed (Kamprath, 1984)
providing further evidence of Al tolerance in rambutan.
Figure 4 shows the concentration of various nutrients in leaves collected
at the end of the experimental period. The concentration of leaf N was
not significantly affected by levels of soil Al. As expected, increments in
soil Al resulted in significant reductions in the concentration of leaf P, Ca,
and Mg (Figures 4B, 4D, and 4E). Symptoms of P, Ca, and Mg deficiencies
often occur on plants that are exposed to high levels of soil Al (Fageria et
al., 2006). However this was not the case in the present study whereby dry
matter production, stem diameter and plant height were unaffected until
very high levels of soil Al (<11 cmol kg−1) were surpassed (Figures 1A–1E;
Figures 2A–2B). At a soil Al level of 11.0 cmol kg−1 the concentration of
P, Ca, and Mg on leaf tissue was 0.15%, 0.72% and 0.13%, respectively.
These concentrations are similar to those found in productive rambutan
orchards established on acid soils and sampled by the author (unpublished
data). Therefore, it appears that these leaf nutrient concentrations are not
sufficiently low as to cause deficiency symptoms in rambutan.
Leaf K concentration increased and then plateaued with increments in
soil Al (Figure 4C). In sorghum (Duncan et al., 1980), plantain (Rodriguez-
Garcı´a et al., 1985), and common bean (Goenaga and Smith, 2002), Al
toxicity has been associated with increased concentration of K in the plant
shoot.
High concentrations of tissue Al, Fe, and Mn can limit plant growth
and reduce crop yields (Fageria et al., 2006; Kochian et al., 2002; Nagasaka
et al., 2002; Nguyen et al., 2005; Langer et al., 2009). It is noteworthy that
in the present study Al and Fe concentrations in leaf tissue declined with
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FIGURE 4 Leaf nutrient concentration of rambutan as influenced by soil aluminum. Absence of curve
fitting denotes lack of a significant response.
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increments in soil Al (Figures 4F, 4G) and then increased at exactly the
same soil Al concentration (11 cmol kg−1) in which rambutan dry weight
commenced to decline (Figures 1A-1E). These results are opposite to those
found by others in which the concentrations of these nutrients increased
significantly with increases in soil Al (Duncan et al., 1980; Goenaga and
Smith, 2002) and suggests a very strong Al-exclusion mechanism render-
ing tolerance to rambutan. Various investigators have suggested the role of
organic acid anion exudation from the root apex as a means for Al exclu-
sion (Kochian et al., 2002; Watanabe and Osaki, 2002; Fageria et al., 2006).
Leaf Mn declined linearly with increases in soil Al (Figure 1H) suggesting
also the presence of a Mn-exclusion mechanism. Rosas et al. (2007) found
that roots of white clover exuded organic acids, particularly citrate, oxalate
andmalate, when plants were grown at highMn concentration. These results
showed the formation of organic acid-Mn complexes in response to increases
inMn concentration in the nutrient solution but the authors could not prove
conclusively whether exudation of organic acids is a plant strategy for over-
coming Mn toxicity as it is for Al toxicity. In this study, rambutan plants
were not only shown to be very tolerant to high soil Al but also to the whole
soil acidity complex encountered under field conditions. Future research
conducted by the author will hopefully help to discern its mechanism for
acid soil tolerance.
CONCLUSIONS
The results of this study demonstrate that growth of rambutan is not
affected when grown at soil Al concentrations as high as 11 cmol kg−1. The
concentration of leaf Al declined sharply between 0.67 to 11 cmol kg−1 of
soil Al, suggesting the activation of an Al-exclusion mechanism. The author
is not aware of other fruit crop species which thrive under the high soil Al
levels encountered by rambutan trees in this study. Therefore, future studies
should be directed toward the identification of this mechanism.
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